INTRODUCTION
on sky patrol plates of the Bamberg Southern Station. Their first determination of the period was 0.49414 days, followed by a revised but still preliminary value of 0.612077 days (Strohmeier 1966) . Shortly thereafter, Bartolini et al. (1968) obtained a series of spectroscopic observations at Asiago Observatory that did not agree with either preliminary period, and so they also acquired a new set of photometric observations, which they used to correct the period to 0.883036 days. Later, Bartolini et al. (1973) reanalyzed that data, which consisted of 520 singleband V photoelectric values as well as 42 radial velocity (RV) measurements of the primary component. They assumed the system was detached and obtained a light-curve solution, but also allowed for the possibility that the primary filled its Roche lobe. Giuricin et al. (1981) used the modeling program of Wood (1972) to reanalyze the Bartolini et al. (1973) data. They adopted a mass ratio of 0.4, which turns out to be very close to our computed value of 0.423. Their results indicated the primary had filled its Roche lobe, but the secondary was detached or in a broken-contact state. Milano et al. (1989) used the Wilson-Devinney (WD) program (Wilson & Devinney 1971) in their "direct seach" mode on the Bartolini et al. (1973) data. They, too, concluded the primary was filling its Roche lobe but that the secondary was not. Radial velocities were obtained by Coughlin (2007) , but these cover just a small portion of the orbit, from about photometric phases 0.25 to 0.30, near minimum velocity of the primary.
Recognizing ES Lib was in need of both more photometric and spectroscopic measurements, we obtained 344 data points in each of the UBV bands. Likewise, new radial velocities were acquired during 2011 and 2012. These data include many velocity measurements of the secondary component near the two quadratures. We significantly improved the period via a leastsquares fit to times-of-minima values and then analyzed our photometric and spectroscopic data simultaneously with the WD software. As a result, we have obtained an excellent solution of the orbital elements and absolute dimensions. The best fit to our data requires that the system is in an overcontact state-not semidetached or detached. In addition, our preferred solution indicates the secondary had a large cool starspot during the time of our photometric observations. Our reanalysis of the Bartolini et al. (1973) photometry also results in the system being in an overcontact state.
OBSERVATIONS AND REDUCTIONS

Photometric
Most of our photometric observations of ES Lib were obtained by T. F. Collins with the 30 inch Cassegrain reflector at the Rosemary Hill Observatory of the University of Florida on thirteen nights during 1969 and 1970. These observations were collected with an unrefrigerated EMI 6256B photomultiplier tube, recorded with a Honeywell strip-chart recorder, and read with a 5 s timing accuracy. Observations in yellow light were made through a Corning 3384 filter, while the blue were taken through a combined Corning 5030 and Schott GG-13 filter set, and the ultraviolet measurements used a Corning 9863 filter. The effective wavelengths of the filter-photocell combinations closely approximate those of the Johnson & Morgan (1953) standard UBV system.
A night of photometric observations was added in 1983 specifically to obtain an accurate time of minimum and to calibrate the comparison and check stars used by Collins. These UBV data were obtained by R. M. Williamon using the 36 inch reflector at the Fernbank Science Center Observatory. Standard UBV filters similar to those used by Collins were combined with an unrefrigerated EMI 6256s photomultiplier to again closely approximate the effective wavelength of the JohnsonMorgan passband system. The Fernbank observations were recorded with a Honeywell strip-chart recorder, and deflections were read with a 5 s timing accuracy. All observations of ES Lib were made differentially with respect to the comparison star HD 135637 (SAO 159140), and these were corrected for atmospheric extinction by means of nightly coefficients determined from the comparison star via the technique of Hardie (1962) . The Heliocentric Julian Dates and differential magnitudes for all of the observations are given in Table 1 . Measurements of the check star HD 136276 (SAO 159180) were obtained on several nights with no indication of any variability of the comparison star.
Spectroscopic
From 2011 January through 2012 May we acquired 176 usable spectra with the Tennessee State University 2 m automatic spectroscopic telescope and a fiber-fed echelle spectrograph that are at the Fairborn Observatory in Arizona. For the first 6 months of observation the detector was a 2048 × 4096 SITe ST-002A CCD (Eaton & Williamson 2007) . The resulting echelle spectrograms have 21 orders that cover the wavelength range 4920-7100 Å. In the summer of 2011 the SITe CCD detector and dewar were replaced by a Fairchild 486 CCD. That new detector has an array of 4096 × 4096 15 μm pixels and was housed in a new dewar. These most recent echelle spectrograms have 48 orders and cover the wavelength range 3800-8260 Å. Given the very broad stellar lines of both the primary and secondary, we used the largest diameter fiber, which produced a spectral resolution of 0.4 Å and resulted in typical signal-tonoise ratios of about 150 at 6000 Å. See Fekel et al. (2013) for a more extensive description of the recent system upgrades. Fekel et al. (2009) have provided a general description of the velocity measurement for the Fairborn Observatory echelle spectra. In the case of ES Lib, we needed to use different line lists for the two components. Because of its early spectral type, A3 IV (Houk & Smith-Moore 1988) , we adopted a line list for the primary that consists mostly of singly-ionized elements such as Fe II, Si II, Ti II, and Cr II, which are prominent features in A and early-F stars. The secondary, according to photometric results (Bartolini et al. 1973; Giuricin et al. 1981) , is a G or K star. Thus, we used our line list for solar-type stars to determine its velocities. In addition, because the lines of both components have large rotational velocities, we fitted the lines with rotationally broadened profiles (Lacy & Fekel 2011) , with both the broadening and depth being free parameters.
The new velocities are on an absolute scale. Our unpublished measurements of several IAU solar-type velocity standards indicate that the Fairborn Observatory velocities from the SITe CCD have a small zero-point offset of À0:3 km s À1 relative to the velocities of Scarfe (2010) . Thus, we have added Table 2 gives the Heliocentric Julian Dates of mid-observation and the primary and secondary radial velocities for those dates. Also given in that table are the fractional phases of the observations, which have been computed from a time of maximum positive velocity of the primary, and the residuals to the orbit. The listed phases and residuals are from the final spectroscopic solution discussed in § 3.
SPECTROSCOPIC ORBIT
Circular orbits for ES Lib were determined with the computer programs SB1C and SB2C (D. Barlow 1998, private communication) , which use differential corrections to compute improved orbital elements. From our spectra we measured 176 radial velocities of the primary and 38 of the secondary. We initially determined separate orbits for the two components with the orbital period fixed at our newly computed photometric value ( § 4). From the variances of the two solutions, the velocities of the primary and secondary were given weights of 0.7 and 1.0, respectively. The weights of the primary velocities are smaller because, although the average line depth of that component is greater, its lines are 50% broader and sometimes asymmetric, making velocities of the primary less precise.
We note that the center-of-mass velocities of the two orbits differ by 5 km s
À1
. This difference at least partially results from the velocity uncertainties caused by the very broad-lined nature of the two components and perhaps partly from the use of two very different line lists. Table 3 gives the orbital elements and additional quantities derived from the two solutions.
Despite the moderate center-of-mass velocity difference between the two components, we computed a combined orbital solution for the Fairborn Observatory data. Compared with the single component solutions, the semiamplitudes of both components in the combined solution have increased, but those increases are ≤0:2% and significantly less than the 1σ uncertainties. The orbital elements and derived quantities for the combined solution are also presented in Table 3 . For a circular orbit the element T , a time of periastron passage, is undefined. Table 2 is presented in its entirety in the electronic edition of the PASP. A portion is shown here for guidance regarding its form and content.
a Phases are from the combined spectroscopic solution of Table 3 , where zero phase is a time of maximum velocity of the primary. So, as recommended by Batten et al. (1989) , T 0 , a time of maximum velocity, is used instead. Thus, zero phase of our double-lined spectroscopic orbit is at the time of the maximum velocity of the primary, and that phase is 0.25 earlier than the zero phase computed from the primary eclipse ephemeris. We also obtained an orbital solution of the combined primary and secondary velocities with the period as a free parameter. The resulting period is 0:8830363 AE 0:0000059 days, which differs by less than 1σ from the more accurate photometric period computed in § 4.
TIMES OF MINIMA AND ECLIPSE EPHEMERIDES
Comparing the values of the orbital period from previous observational programs with the initial analysis of our UBV data and with the period based on the radial velocity measurements, it was immediately apparent that the period needed revision, given the ∼40 yr range of the observations. We obtained 11 photoelectric times-of-minima (TOM) measurements from the "O-C Gateway" Website (B.R.N.O. Project 2011). We supplemented this set with two measurements based on our photometry. These two values were obtained by applying our preliminary WD solution to the two individual nights and allowing the epoch parameter to vary. The two results are each based on a simultaneous solution of the UBV data. All of the utilized TOM measurements are listed in Table 4 .
The O À C plot (see Fig. 1 ) showed that the 0.8830356 day period of Bartolini et al. (1973) needed to be revised. Because the TOM measurements were well fit by a linear regression, the only action required was to refine the period so that the slope of the line would be horizontal. Figure 2 shows the leastsquares fit through the TOM measurements that results from the improved period and epoch of 0.883040969 days and HJD 2,440,329.46785, respectively. As we progressed with our analysis, we replaced the epoch with the first of our two times of minima. Then we allowed the WD program to vary it and the period, but only small adjustments resulted.
For our improved photometric ephemeris, we define phase 0.0 as the time of mid-primary eclipse:
Minimum LightðHJDÞ ¼ 2; 440; 712:70777 AE 0:00042 þ 0:883040928 AE 0:000000056E days:
COMBINED LIGHT AND VELOCITY SOLUTION
Light and velocity curve solutions were computed with the 2013 version of the Wilson-Devinney program. The program's physical model is described in detail in Wilson & Devinney (1971) , Wilson (1979 Wilson ( , 1990 Wilson ( , 2012a Wilson ( , 2012b , Van Hamme & Wilson (2007) , and Wilson et al. (2010) . Our UBV photometry Table 4 . The sizes of the data points are larger than the reported error bars. The ephemeris used is HJD 2; 440; 329:4669 þ 0:8830356E days from Bartolini et al. (1973) . The line is a least-squares fit to the data. and double-lined radial velocity data were solved simultaneously to improve parameter consistency (Wilson 1979; Van Hamme & Wilson 1984 , 1985 . Each observation in each data set was assigned a weight of one. Curve-dependent weights were computed from the standard deviations that are listed in Table 5 . Light level-dependent weights were applied inversely proportional to the square root of the light level. Gravity darkening (g) and bolometric albedo (A) coefficients were fixed at radiative-envelope, canonical values from Lucy (1967) for the primary, whereas the secondary was assigned those for convective envelopes. A square-root limb-darkening law with coefficients x, y from Van Hamme (1993) was adopted, and the detailed reflection treatment of Wilson (1990) was used with two reflections. We utilized the improved atmosphere model option. Values of these nonvarying parameters are listed in Table 6 . Houk & Smith-Moore (1988) classified ES Lib as an A3 IV star, while Abt produced two independent classifications of A2 V (Abt 2004 ) and A3 III (Abt 2009 ). However, Hβ photometry from Wolf & Kern (1983) suggests a slightly later spectral class of about A5. Our B À V ∼ 0:20 and b À y ¼ 0:145 from Wolf & Kern (1983) indicate an even later A7 or A8 star (see Gray et al. 2001) . For the secondary, the photometric results of Bartolini et al. (1973) and Giuricin et al. (1981) place it as a G or K star. These very approximate spectral classes were confirmed by an inspection of our spectroscopic data. We set the primary's temperature at that of an A5 star, 8500 K, and held it fixed. After we obtained our WD solution, we adjusted the primary's temperature by AE500 K and obtained two additional solutions.
For the three temperatures, the 8500 K solution had the smallest sum of the squares of the residuals. Allowing for the unknown uncertainty in temperature and the temperature range associated with our B À V error bar (see Allen 2000) , we estimate the absolute uncertainty in T 1 to be AE200 K. Consequently, the derived T 2 value would have a similar error, although we quote in Table 7 the much smaller relative error between the components that is computed by the WD software.
We began with Mode 2 of the WD program since this allowed each surface potential to be independently adjusted. However, this mode consistently indicated that both the primary and the secondary stars were larger in size than their Roche lobes. Therefore, we utilized the two semidetached modes for trials. First, we obtained solutions using the primary-filling-lobe situation (Mode 4), and then later we used the secondary-filling assumption for Algol-type binaries, Mode 5. For both, we tried numerous scenarios with and without a cool spot. In all of the simulation results for these two types of semidetached systems, the WD solutions consistently forced the adjustable surface potential to exceed the critical Roche lobe. Thus, we switched to Mode 3, which is the overcontact scenario for W Ursa Majoris (W UMa) stars. This mode has the surfaces in physical contact but allows the surface temperatures to be different. We assumed the orbit is circular, and our analysis provided no evidence for a third star in the system.
To improve the fit of the theoretical light curves to the UBV measurements for the overcontact configuration, a single spot was necessary. Successful simulations with convergence and excellent fits to all of the data were found for (1) a cool spot on the hotter primary, (2) a hot spot on the cooler secondary, and (3) a cool spot on the secondary. A cool starspot to fit the light curve of a W UMa star was first proposed by Binnendijk (1960) for AH Vir. Cool spots as well as chromospheric activity are often found on rapidly rotating, convective outer atmosphere, latetype stars, including W UMa type binaries (e.g., Niarchos et al. 1997; Hendry & Mochnacki 2000; Barnes et al. 2004 ). Of the above three solutions, we have rejected the one with the cool spot on the 8500 K primary since that star has a radiative outer atmosphere. We initially retained the remaining two solutions, the one with the hot spot on the secondary and the other with the cool spot on the secondary. The resulting orbital elements and stellar parameters of those two solutions are given in Table 7 .
In comparing the two solutions, when the cool spot is changed to a hot spot, the temperature of the secondary's unspotted surface is reduced by 200 K, and the spot moves to the opposite side of the star and now has a greatly increased temperature. Of these two solutions, we have deemed the hot spot solution the less likely because we found no evidence of such a spot in our spectra and no significant evidence for third light in the system. We also note that a hot spot due to mass transfer would be at odds with an overcontact configuration. Thus, in what follows we will discuss results from the solution with the cool starspot on the secondary. We note that for the cool spot configuration the spot is centered on the equator (i.e., 0°) and at surface longitude 256.2°, which corresponds to phase 0.712 in the light curves. The spot's angular radius is 40.5°, and its temperature factor of 0.884 equates to 5104 K versus the average surface temperature of 5774 K. Figure 3 shows the observed measurements along with the light curves computed in each bandpass from our orbital elements, and Figure 4 plots the UBV residuals. The individual radial velocities are compared with the computed curves in Figure 5 . For the primary component, all phases of the radial velocity curve are well covered including the region around primary eclipse. Because the eclipses are partial, the Rossiter effect (Rossiter 1924 ) is greatly diminished, although we note that the average line profile of the primary is very asymmetric before and after primary eclipse. These asymmetries produce the systematic velocity residuals that are apparent around zero phase (Fig. 6) . The systematic shift of the secondary velocity residuals seen in Figure 6 results from the simultaneous solution of the radial velocities of the primary and secondary, which have different systemic velocities. As noted in § 3, the changes of the resulting semiamplitudes in the joint double-lined solution, compared to the single-lined solutions, are less than their 1σ uncertainties. R 2 ¼ 1:83 AE 0:01 R ⊙ . From the mass, radius, and temperature, the primary component is an A main sequence star. However, the radius for the secondary is too large for a 1 M ⊙ main sequence star, and this situation will be discussed in § 8. The WD program provides geometrical information describing the two stars. For overcontact binaries, relative radii are given in three directions: from the center toward the poles, toward the sides, and toward the back (i.e., away from the companion). In addition, it computes "equal-volume" mean radii (〈r〉) and the percentage of the Roche lobe (〈r〉=〈r〉 lobe ) that is filled, which is greater than 100% for both components. The contact parameter or fillout factor f (see Van Hamme 1982) is 16%. The radii are listed in Table 8 . Figure 7 presents an image of the system at phase 0.75, and the absolute dimensions are provided in Table 9 .
From the WD solution, one obtains the bolometric magnitudes (see Table 9 ) and the individual luminosities as a function of phase, and this information can be used to derive a distance.
The bolometric correction from Flower (1996) for a main sequence star with a temperature of 8500 K is þ0:000 mag, making M V ¼ 0:930 AE 0:100 mag. The luminosity ratio at phase 0.25 is 0:103 AE 0:018 in the V bandpass, producing a magnitude difference of 2.468. Thus, the primary is 0:106 AE 0:004 mag fainter than the combined V magnitude. From our data, we determined the system magnitude is 7:259AE 0:012 mag at phase 0.25. The Hipparcos catalog (ESA 1997) listed 7.25 mag but did not provide a phase or an error. Adding the 0.106 and 7.259 mag values, the magnitude for the primary is 7:365 AE 0:013 mag. From the absolute and apparent magnitudes, the computed distance is 194 AE 9 pc. A comparison can be made with the Hipparcos data because the listed parallax is 0:0079″ AE 0:00091″ (ESA 1997). ES Lib was also included in the "new Hipparcos reduction" by van Leeuwen (2007) , and he derived 0:00862″ AE 0:00065″. These parallaxes correspond to distances of 126:6 AE 14:6 pc and 116:0 AE 8:8 pc, respectively. Our much greater distance may be partially due to the effects of an overly-luminous secondary component and interstellar reddening. From the results of Wolf & Kern (1983) , the b À y value of the primary is larger than that expected from its Hβ measurement (Crawford 1979) , indicating that there is some interstellar extinction. Gudennavar et al. (2012) produced a mean relation between neutral hydrogen column density and color excess. That result, their value of the column density for ES Lib, and the canonical number of 3.3 to convert color excess to total extinction produces A V ¼ 0:6 mag. This value must be increased to 1.1 mag to decrease our distance to the value of van Leeuwen (2007).
COMPARISON WITH PREVIOUS RESULTS
The first orbital solution determined for ES Lib was by Bartolini et al. (1973) based on photoelectric V -band measurements and radial velocity observations for the primary. Using the Russell & Merrill (1952) method, they computed two solutions with detached components and a third, possible solution with the primary filling its Roche lobe. Their solutions included a small eccentricity. They determined spectral types of A2-3 V + G3 IV and concluded their best solution gave
and i in the 60°to 66°range. Giuricin et al. (1981) reanalyzed the Bartolini et al. (1973) data with the modeling software of Wood (1972) . They assumed that M 1 ¼ 2:6 M ⊙ and adopted a mass ratio of 0.4. They computed a single solution with the primary component filling its Roche lobe. They obtained a higher T 1 value of 8900 K and a higher inclination of 73:6°AE 1:0°than we did. Their mass ratio sets M 2 ¼ 1:04 M ⊙ , but they had a temperature of 4100 K, placing the detached secondary in the K spectral type range. Milano et al. (1989) used a "direct search" (i.e., a "grid"-like) method on the Bartolini et al. (1973) data as they obtained solutions with the WD software. They adjusted the inclination, both temperatures, both surface potentials, the mass ratio, and the luminosity of the hotter star. However, they grouped the photometric observations of Bartolini et al. (1973) into normal points. Their final solution found an A3 primary filling its Roche lobe with a detached late-G secondary. Absolute dimen- Compared to previous solutions, our solution has at least two distinct advantages. Our data contain over 340 differential magnitudes in each of the UBV bandpasses, and we have radial velocities for both components. Our final results have consistent values for the masses, temperatures, and spectral types, unlike the previous solutions. For example, although the 0.4 mass ratio of Giuricin et al. (1981) is close to our value of 0.423, their T 2 ¼ 4100 K is much too low. Likewise, the mass of the primary, M 1 ¼ 0:98 M ⊙ , found by Milano et al. (1989) is much too small for an A3 star. We do have a radius for the secondary that is somewhat larger than the main sequence value for a star of that mass and temperature, and this will be discussed in § 8.
We have also analyzed the Bartolini et al. (1973) photometry with the WD software. First, we applied our solution and only allowed the cool spot parameters to vary. The major difference was the longitude position increased by about 20°. The spot's radial size decreased by a couple of degrees, whereas the temperature factor increased by 1%. Then, we solved for the combination of the Bartolini et al. (1973) V photometry and our spectroscopic velocities for all parameters. For this completely independent photometric data set, the overcontact solution, rather than the semidetached configuration, was again preferred. The inclination, surface potential, and mass ratio did not change. Besides some differences in the spot's parameters, the only significant change was a 343 K decrease in the temperature of the secondary. The Bartolini et al. (1973) V photometry has a somewhat smaller standard deviation of 0.008 compared with our V photometry of 0.012. The solution results are listed in Table 10 . Figure 8 displays this solution's theoretical curve with the Bartolini et al. (1973) data superimposed, and Figure 9 plots the residuals.
VELOCITY SYNCHRONIZATION
From 15 Fairborn Observatory spectra, the rotational broadening fits result in average v sin i values of 140 AE 5 and 92 AE 4 km s À1 for the primary and secondary, respectively. The uncertainties for the projected rotational velocities are conservative estimates. If, as is generally assumed, the rotational and orbital axes are parallel, then the resulting rotational velocities are 149 and 98 km s À1 for the primary and secondary, respectively. Adopting our equal volume radii of 2.69 and 1:83 R ⊙ produces synchronous rotational velocities of 153.6 and 104:3 km s À1 . Thus, the primary is synchronous within its estimated error, Table 7 . while the secondary is close to synchronous, but its error needs to be 1.5 times larger to include the synchronous value.
DISCUSSION
Contact eclipsing binaries named for the prototype variable, W UMa, were divided into two subclasses (Binnendijk 1970 ) that refer to their light-curve shape. The A-type systems have a transit at primary eclipse, whereas it is an occultation for the W type. From this, it follows that the primary components are hotter than the secondaries in A-type binaries and vice versa for the W types. Thus, although the primary is hotter than the typical W UMa type system (Pribulla et al. 2003) , the light curve of ES Lib is that of an A-type W UMa system. More recent work has attempted to subdivide the W UMa systems based on their physical properties (e.g., Maceroni & van't Veer 1996; Csizmadia & Klagyivik 2004) .
When thermal equilibrium models for overcontact binaries proved to be unsuccessful, Lucy (1976 ), Flannery (1976 , and Robertson & Eggleton (1977) advanced nonequilibrium models. They postulated that thermal relaxation oscillations occur around a marginal contact state. Thus, a contact binary system would switch between states of good thermal contact (overcontact) and broken contact (semidetached). Robertson & Eggleton (1977) and Lucy & Wilson (1979) predicted that the time in the latter state would be very short. ES Lib is certainly not a typical W UMa system. The spectral type of the primary is much earlier than traditional W UMa binaries, and thus it could be called an early-type contact system (Kaluzny 1985) . An inspection of the contact binary catalog of Pribulla et al. (2003) shows that the orbital period of 0.88304 days for ES Lib is longer than 96% of the 361 W UMa systems that are listed in the catalog. More importantly, the temperatures for each W UMa system indicate that the difference between the two components is relatively small, almost always less than 400 K (Pribulla et al. 2003) . This is in stark contrast to the components of ES Lib, which have a difference of over 2700 K. Thus, ES Lib is clearly atypical and appears to be a member of a small group of systems variously called B-type W UMa systems (Lucy & Wilson 1979) , systems with contact but with very unequal temperatures (Eggleton 1996) , or poor thermal contact systems (Rucinski 1997) . These systems have very different eclipse depths but appear to be in contact. Lucy & Wilson (1979) identified three such possible systems. Shortly thereafter, Kaluzny (1983 Kaluzny ( , 1985 Kaluzny ( , 1986 , Hilditch et al. (1984) , and Hilditch & King (1988) analyzed additional apparent contact systems that had large temperature differences between the two components. More recently, Siwak et al. (2010) solved light and velocity curves for a dozen systems with components having a large temperature difference, for which at least one previous contact configuration solution was found in the literature. However, Eggleton (1996) , Rucinski (1997) , and Siwak et al. (2010) have argued that there may be no contact systems with large temperature differences. Rather, the contact solutions are spurious as a result of effects that are not accounted for by the normal Roche lobe geometry, and the systems are instead likely to be semidetached with, at least in a number of cases, accretion hot spots (Siwak et al. 2010 ).
In the case of ES Lib, the latest version of the WD program, which takes into account a variety of geometries, produces bestfit overcontact solutions to our light curves as well as the Vband data of Bartolini et al. (1973) . When we forced the WD program to obtain a barely semidetached solution, the differences between the not-quite overcontact light curve and our adopted overcontact one are modest, but the semidetached solution provides a poorer fit to the observations in several places. While it remains possible that ES Lib is actually in a semidetached configuration, it may require photometric data with a standard deviation as small as 0.001 to resolve the situation. On the other hand, the changing spot distribution, which we have very simply characterized with a single spot in our solutions, may make it impossible to ever clearly differentiate between the semidetached and the best-fit overcontact models.
For ES Lib, because of the overcontact solution with the large temperature difference, we also investigated and obtained a solution using the Mode 6 option in the WD software. This scenario, known as double contact, has both stars exactly filling their Roche lobe. Although an excellent solution was found, the sum of the squares of the residuals was larger for each bandpass than the residuals from the Mode 3 overcontact solution. In addition, we note that for Mode 6 so many constraints have to be met that the double-contact solution is an almost unrealistic situation for binary stars. While there is the possibility this system may fit in the category of a "broken contact" or a "marginal contact" system, similar to that of CN And (Van Hamme et al. 2001 ) and RU Eri (Williamon et al. 2013) , the latter of which has a temperature difference of about 1800 K, the solution of our light and velocity curves of ES Lib clearly prefers the overcontact situation.
There are some significant differences between our results for ES Lib and those of Siwak et al. (2010) , who examined a dozen supposed contact binaries with large temperature differences between the components. Unlike many of the systems analyzed by Siwak et al. (2010) as well as some of those examined by Lucy & Wilson (1979) , Kaluzny (1986) , and Hilditch & King (1988) , our light curves of ES Lib show little difference between the heights of the two maxima nor any evidence of third light in the system. In addition, there is no spectroscopic evidence for a hot spot as there are in a number of the systems discussed by Siwak et al. (2010) . We also note that many of the very short period binaries examined by Lucy & Wilson (1979) , Kaluzny (1985 Kaluzny ( , 1986 , and Hilditch & King (1988) did not have mass ratio determinations from radial velocities and needed unphysical values of the albedo of the secondary to produce acceptable light-curve fits. Neither is the case with our data and solution for ES Lib, where we have a well-determined spectroscopic mass ratio, and its light curve can be fitted with the expected albedo and gravitational darkening values. As shown in Figure 1 , over the past 40 years the orbital period is constant, so there is no evidence of mass transfer despite the fact that ES Lib is in an overcontact configuration. What ES Lib does share with many of the above analyzed systems is a light-curve solution that, despite the very large temperature difference, results in an overcontact system.
As noted previously, we initially retained two possible overcontact solutions for ES Lib, one with a hot spot on its cool secondary and the second with a cool spot on its secondary. With the primary transferring mass to the secondary, a hot spot might well be expected if the system were semidetached. But the various WD solutions converged to an overcontact situation, and there is no evidence of such a hot spot in our spectra and no significant evidence for additional third light in the system. On the other hand, a cool spot on the star that has a convective outer atmosphere is consistent with the results found for many other overcontact systems (e.g., Strassmeier 1992; Senavci et al. 2011) . As a result, we judged the solution with the cool spot on the secondary to be the more likely representation of the system. However, the problem with this solution is how has the system retained the very unequal temperatures of its two components if it is in an overcontact configuration. Perhaps ES Lib has very recently evolved from being a semidetached to an overcontact system, and although the transition to the nearly equal temperatures of a typical W UMa system might be expected to happen quickly, nevertheless, there has been insufficient time for that situation to be reached.
Like other supposed contact binaries with large temperature differences between components, the cooler component of ES Lib is oversized and overluminous for its mass, so there has probably been a past epoch of mass transfer. The radius of the secondary is 1:83 AE 0:01 R ⊙ , which is nearly twice that of a main sequence star with M 2 ¼ 0:97 AE 0:01 M ⊙ and T 2 ¼ 5774 AE 57 K (see Allen 2000) . Comparison with the solar abundance evolutionary tracks of Girardi et al. (2000) (see Fig. 10 ) indicates that the 2:30 M ⊙ primary is situated just above the 2:2 M ⊙ track, and so its luminosity is approximately correct for its mass. The 0:97 M ⊙ secondary, however, has a luminosity that is approximately that of a 1:15 M ⊙ star at the end of its main-sequence lifetime.
SUMMARY
We obtained new UBV photometric observations and radial velocities for the primary and secondary of the very short-period eclipsing binary ES Lib, which has an orbital period of 0:883040928 AE 0:000000056 days. We determined the orbital elements and absolute dimensions with the Wilson-Devinney program. The masses are M 1 ¼ 2:30 AE 0:03 M ⊙ and M 2 ¼ 0:97 AE 0:01 M ⊙ , while the radii are R 1 ¼ 2:69 AE 0:02 R ⊙ and R 2 ¼ 1:83 AE 0:01 R ⊙ . Using the results of our WD solution, we compute a distance of 194 AE 9 pc, which is 67% larger than the revised Hipparcos value of van Leeuwen (2007) . An extinction value of 1.1 mag is required to decrease our distance to that value.
The best simultaneous fits to the radial velocities of the two components and the light curves require that the temperature difference of the two components is over 2700 K and the system is in an overcontact binary configuration rather than semidetached. Two such WD solutions, one with a hot spot on the secondary and the other with a cool spot on the secondary, produce very good fits to the light curves. While both solutions have problems completely explaining the properties of the system, we prefer the cool spot solution.
A comparison with evolutionary tracks indicates that the luminosity of the primary is approximately correct for its mass. However, the secondary appears oversized and overluminous.
